cial aircraft industry to assess the materials and structures required for the development of the next generation, supersonic transport. This vehicle, designated the High Speed Civil Transport (HSCT) and targeted to carry over 300 passengers at speeds in excess of mach 2, will have a useful lifetime of over 60 000 flight hours.
During a typical flight, skin temperatures may reach up to 200°C.
To meet the weight requirements imposed by such design criteria, polymer matrix composite (PMC) materials are being considered for both primary and secondary structures.
One potential difficulty associated with using PMCs in such a vehicle is the task of predicting the changes in material properties due to aging of the PMC after long-term exposure at temperature.
These changes in the composite's strength and stiffness will be primarily due to changes in the mechanical properties of the matrix material. The aging of a polymer matrix may be due to some combination of physical aging, chemical aging, and damage accumulation. It is the intent of this report to consider the effects due to just the physical aging process. This type of aging, considered to be a thermoreversible process, will cause changes in mechanical properties brought about by the volume recovery in the polymer upon cooling from above the glass transition (Tg) temperature.
During aging, the polymer moves towards a state of equilibrium. 
The short-term creep compliance curves, as shown in Fig. 1 
where Tg is the glass transition of the test material, T is the test temperature in degrees C, and t_ is in seconds.
Test Material and Specimen Configuration
The The compliance terms for these specimens are as follows
Each gage formed a quarter-bridge circuit. Thermal strain compensation was accomplished during data reduction. Commercially available instrumentation provided bridge completion, excitation, and signal conditioning. A personal computer equipped with a 12bit A/D board converted and stored the data.
Creep Compliance and Physical
Aging--A procedure for measuring creep compliance, as described in Struik [1] , was used for all tests. This procedure consisted of a sequence of isothermal creep and recovery tests. Each creep period was short in comparison with the previous aging time. During the aging process, the short-term creep tests required a constant load. After each creep segment, the specimen was unloaded and allowed to recover until the start of the next creep test. Figure  2 is a schematic of this procedure.: Table 2 
while proportionality states that for an applied stress cr, the strain in a material at any other stress state is found using
Creep and creep/recovery data from several loadings at different stress levels provided data for checking superposition.
Proportionality was checked by plotting isothermal, isochronous stiffness versus applied stress for a specimen that was repeatedly rejuvenated, quenched, and loaded at increasingly higher stress levels.
The supposed transition from linear to nonlinear behavior should be evident by a slope change in the data.
Results: Tensile Creep Compliance
Results from the experiments illustrate the effects of stress and physical aging on the elevated temperature creep compliance of IM7/8320. Superposition, proportionality, sequencing effects, load duration effects, stress overload effects, aging to equilibrium, aging shift factors, and aging shift rates were measured and quantified.
Superposition--For linear viscoelastic behavior, superposition should hold. For the creep test, superposition states that the recovery strain can be found using Eqs 2 and 7 such that e(t*) = crS°{e c"d_ -e (('-'1)/')l_} (9) where cr is the constant stress, t_ is the time of load removal, t* is the time during the recovery segment, and S°, "r, and 13 are the constants from the measured creep compliance curve. Equation 9
was used to predict the recovery of a [90h2 transverse specimen loaded at sequentially higher load levels. The specimen was rejuvenated before each test and aged for exactly 30 min before loading. compliance measurement taken at the same aging time. Figure 9 shows an example of this behavior for a [+--4512s specimen loaded at 1,3,9, and 27 h of aging time versus the same specimen loaded only at 27 h aging. Both tests included a rejuvenation period before the start of aging.
Examination of the compliance data in Fig. 9 schematically illustrates this procedure.
To explore the effects of load duration on creep compliance, two different test schedules were followed. Figure  3 gives the times for the creep and recovery segments of these two test schedules. The test sequence with the short creep segments was designated Schedule 1 and the test sequence with the long creep segments was designated Schedule 2. Figure  10 shows the measured effects on creep compliance due to loading according to these schedules. However, the effects of aging (log a shifts) are apparent using either test schedule.
For material systems unlike IM7/8320 that would not exhibit such rapid strain recovery, the effects of extended load periods would become even more pronounced. Figure  12b gives the resulting shift factors. All the factors are first plotted using the 1-h curve as a reference for all the data. As shown in the Fig. 12b, a Aging Shift Factors--Given a set of momentary creep compliance curves, as shown in Fig. 1 Aging Shift Rates--The aging shift rates for all tests were computed by using linear least squares fits to the aging shift factors. Tables 2 and 3 give the computed shift rates. Figure 23 is a plot of these shift rates as a function of applied axial stress. The $66
Stress Overload Effects--As
data at 195 and 200°C collapsed and was fit with one curve. The $22 data sets for each temperature were separate and fit with their own curves. The shift rates shown in Fig. 23 Struik [1] has shown that the shift rate IX of rigid PVC loaded under two separate loads, tensile and shear, will collapse when plotted against applied stress. This stress was assumed to be large and to cause nonlinear creep. He further states that the collapse of the t.dstress data appears to be independent of test temperature.
Plotting the shift rates from Table 2 as a function of ply stress, as in Fig. 24 , indicated the data for the $22 and $66 specimens may collapse into a single data set where the temperature and loadtype dependency are less apparent.
Struik [1] has interpreted this stress-level dependency in polymers as an indication that large stresses produce an erasure or deaging of the material. Lee and McKenna [7] have offered an alternative interpretation of the decrease in shift rate as a function of an increase in the applied stress. They state that "an increase in the amplitude of the stress applied in the physical aging experiment results in a decrease in the shift rate I_ simply because the changes in structure accompanying volume recovery affect the non-linear response differently at large stresses than at small ones." They further state that this does not imply that the structure of the polymer is changed by the application of mechanical loads. At this point, the authors feel that additional data on the composite material is needed to fully validate either of the theories presented.
